The objective of this study was to measure the effect of vitamin E (Vit-E) and zinc (Zn) supplements on endocrine and metabolic changes in peripartum cows. Thirty-two crossbred (Holstein Friesian×Tharparkar) cows were selected 60 days before the expected date of calving. The cows were arbitrary allocated into 4 groups (n = 8), namely: the control, T1, T2, and T3. The feeding schedule was similar in all the groups except that in T1, T2, and T3 60 mg Zn/kg DM, 1000 IU Vit-E and 60 mg/kg + 1000 IU Zn + Vit-E were additionally added, respectively, from day 60 pre-calving to day 60 post-calving. Blood samples were taken on days 60, 45, 30, 15, and 7 before and after the expected day of calving and on the day of calving. Before calving, the cows showed a decrease in plasma leptin, insulin, glucose, Vit-E, and Zn levels, and an increase in plasma non-esterified fatty acid level. However, increases in plasma leptin, insulin, glucose, Vit-E, and Zn and a decrease of plasma nonesterified fatty acid were observed after calving. After calving, group T3 had higher (P<0.05) plasma leptin, insulin, and glucose concentrations than all the other groups. Plasma Vit-E levels were higher (P<0.05) in groups T2 and T3; however, the Zn level was higher (P<0.05) in groups T1 and T2. Milk yield was observed to be higher (P<0.05) in T3 than in the control and groups T1 and T2. The reduction in leptin, insulin, glucose, Vit-E, and Zn during peripartum was ameliorated by Vit-E and Zn supplementation.
Introduction
The peripartum period is recorded as one of the most crucial periods for the production cycle in dairy cattle because of the metabolic changes that occur during this *Corresponding author: Gulab Chandra, Department of Veterinary Physiology and Biochemistry, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, Uttar Pradesh, India, Phone: +91 79 0663 5166; E-mail: gulabdrvet@gmail.com DOI: 10.24099/vet.arhiv.0059 period (PEZESHKI et al., 2010) . During this period, cows experience a declination in feed intake and a degree of negative energy balance, which is linked to metabolic and hormonal changes (GRUMMER et al., 2004) . These changes are generally linked with an increased risk of metabolic and production associated diseases (FRIGGENS et al., 2004) . Feeds and fodder may not provide for appropriate blood levels of Vit-E and Zn around parturition (UNDERWOOD and SUTTLE, 2001) . Therefore, during the dry period and the early phase of lactation the extra addition of micronutrients to the feed is required to prevent metabolic and production related diseases, before and after calving. Vitamin E and Zn are necessary for the health and productive performance of dairy cows (HERDT and STOWE, 1991) . These micronutrients are cellular antioxidants and required for the good function of the immune system (WEISS, 2002) . Leptin is a protein hormone synthesized by adipose tissues and participates in the regulation of feed intake, energy balance, fertility, and immune functions (AHIMA and FLIER, 2000) . The negative energy balance around parturition causes a reduction in circulating levels of leptin (BLOCK et al., 2001) . During peripartum, a decline was shown in dairy cows in the concentration of plasma leptin (THORN et al., 2008) . A linear relationship was observed in well-fed lactating dairy cows between plasma leptin and body condition score (BCS) (BLOCK et al., 2001) . Growth hormones increase the sensitiveness of adipose tissue to catecholamines (BAUMAN and VERNON, 1993) causing lypolysis that elevates blood concentrations of non-esterified fatty acid (NEFA).
There is no literature available on the effect of additional Vit-E and Zn supplementation on hormonal and metabolic changes in crossbred cows. Therefore, the present study was undertaken to find out the effect of Vit-E and Zn and the combination of these supplementations on hormonal and metabolic changes in peripartum crossbred cows.
Materials and methods
The study was permitted by the Animal Ethics Committee of the National Dairy Research Institute, Karnal, Haryana, India (under CPCSEA, Article No. 13) .
Experimental design and treatments. A total of thirty-two pregnant Karan Fries crossbred (Holstein Friesian × Tharparkar) cows with average body weight (510 ± 12.58 kg), BCS (3.12 ± 0.09), parity (2.8 ± 057) and milk yield (MY, 15.90 ± 1.28 kg) were randomly distributed into four groups (n = 8), as follows: control group (receiving a basal diet devoid of supplemental Zn and Vit-E); group T1 (supplemented with 60 mg Zn/kg DM); group T2 (supplemented with 1000 IU Vit-E); and group T3 (supplemented with 60 mg Zn/kg +1000 IU Vit-E). The supplementation was continued from day 60 prepartum to day 60 postpartum. Precisely weighed Vit-E and Zn were mixed with a small amount of concentrate and fed individually. Vitamin E and Zn were supplemented in the form of DLalpha-tocopheryl acetate (Xi'an Healthful Biotechnology, Hi-New Zone, Xi'an, China) and zinc sulphate heptahydrate (ZnSO 4 .7H2O, Luancheng Terife Agricultural Materials, Shijiazhuang, Hebei Province, China), respectively. The basal diet provided 45 mg/kg DM and 190 IU Zn and Vit-E, respectively (in total)/cow/day. The nutrient requirement of experimental cows was fulfilled by feeding total mixed ration (TMR) NRC (2001) . The ingredients and nutrient compositions of TMR fed during the experimental period are presented in Table 1 . Sampling. Blood was sampled from all cows on days 60, 45, 30, 15, and 7 before the expected day of calving, on the day of calving and on days 7, 15, 30, 45, and 60 after calving. Blood was drawn from the jugular vein using sterile heparinised Vacutainer systems (BD Vacutainer TM , UK). All samples were collected between 6 and 7 a.m. before giving feed and water. The samples were kept at 6 to 10 °C before they reached the A. Aggarwal and G. Chandra: Hormonal, metabolic and productive performance of cows laboratory and were centrifuged at 1,200×g at 4 °C for 20 min. Plasma was separated from packed cells and analyzed for leptin, insulin, glucose, NEFA, Vit-E, and Zn. Body condition was scored on the day of blood collection by a 5-point scale method (EDMONDSON et al., 1989) . The cows were milked three-times daily and milk weights were recorded daily up to day 60 of lactation.
Laboratory analysis. Daily feeds offered and residue left was recorded, to determine the dry matter intake (DMI). Dry matter, organic matter, crude protein, ether extract, and total ash of the basal diet were determined according to AOAC (1995) . Neutral detergent fiber and acid detergent fiber contents were estimated by the detergent method, as described by VAN SOEST et al. (1991) . Estimation of Vit-E in feed and plasma samples was carried out by Waters HPLC on a C-18 column Model 510 (Milford, MA, USA) using the extraction procedure of CHAWLA and KAUR (2001) . The solvent system used was acetonitrile and HPLC water in a ratio of 95:5. Plasma and feed zinc content was determined by atomic absorption spectrophotometer (AAS) (Model Z-5000, Polarized Zeeman Atomic Absorption Spectrophotometer; Hitachi High-Technologies Corporation, Tokyo, Japan). The procedures were followed as described in the AAS (1988) manual.
Concentrations of leptin in the plasma were estimated using bovine leptin ELISA kits (Cusabio Biotech Co., Ltd. China). Intra and inter assay coefficients of variation were 4.55% and 8.45%, respectively. The sensitivity of the assay for leptin was 1.56 ng/ mL. Plasma insulin was assayed by bovine insulin ELISA kits (Endocrine Technologies, New York, USA). The intra and inter-assay coefficients of variation for insulin were 3.54% and 8.77%, respectively. The sensitivity of the assay for insulin was 0.2 ng/mL. Plasma glucose concentrations were measured by enzymatic assays, using glucose colorimetric assay kits (Cayman's Chemical Company, Ann Arbour, Michigan, USA). The volumes of the reagents and samples were modified to allow the assays to be conducted in 96-well ELISA plates, and absorbance was measured by an Infinite ® 200 PRO microplate reader (Tecan group Ltd, Mannedorf, Switzerland). Plasma concentration of NEFA was evaluated by bovine NEFA ELISA kits (Cusabio Biotech Co., Ltd. China). The intra and inter assay coefficients of variation for NEFA were 4.34% and 9.32%, respectively. The sensitivity of the assay for plasma NEFA was 10 µmol/L (µM).
Statistical analyses. Results for DMI, plasma hormones (leptin and insulin), and energy metabolites (glucose and NEFA) were analyzed using the MIXED procedure, as repeated measures of SPSS (SPSS Inc., Chicago, IL, USA). The first model was used to analyse sampling day effect, treatment effect (Vit-E and Zn supplementation) and their interaction:
where, Yijk is the dependent variable; μ is the population mean; Ti is the effect of the treatment (Vit-E and Zn supplementation) (i = control, T1, T2, and T3); Dj is the effect of day of sampling (j = -60, -45, -30, -15, -7, 0, 7, 15, 30, 45 , and 60 d) with day as a repeated factor; (T × D)ij is an interaction parameter corresponding to treatment i and day j; and eijk is the residual error.
The second model was used to analyse the effect of physiological phase (pre and post-partum), treatment effect (Vit-E and Zn supplementation) and their interaction. Day of parturition (0) was considered as a postpartum variable:
where Yijk is the dependent variable; μ is the population mean; Ti is the effect of the treatment (Vit-E and Zn supplementation) (i = control, T1, T2, and T3); Pi is the effect of the physiological phase {j = pre-partum (-60, -45, -30, -15, -7 d) and post-partum (0, 7, 15, 30, 45 , and 60 d)} with physiological phase as a repeated factor. (T × P)ij is an interaction parameter corresponding to treatment i and physiological phase j; and eijk is the residual error.
The model included the group and day (or physiological phase), and their interaction as fixed effects, and the animal within the group as the random effect. Comparison of the means of different groups and day (or physiological phase) was carried out using Duncan's Multiple Range Test.
Results
Changes in BCS among the control and treatment groups are depicted in Fig. 1 . The control group showed the maximum (P<0.05) BCS reduction from 60 d pre-partum to 60 d post-partum in comparison to cows receiving a basal diet supplemented with Vit-E and Zn. The leptin and insulin concentrations decreased towards calving and the lowest were observed on the day of parturition. They remained low after calving ( Fig. 2 and 3) . The Zn+Vit-E supplemented group had higher plasma leptin (P<0.05) and insulin (p = 0.999) pre-calving in comparison to their concentrations observed at post-calving (Table  2) . Leptin was positively correlated to insulin (r = 0.42, P<0.05) and glucose (r = 0.56, P<0.05), and negatively correlated to NEFA (r = 0.52, P<0.05).
Plasma glucose concentrations began to decrease steadily from 60 d pre-calving and reached the minimum on the day of calving (Fig. 4) . After calving, glucose concentrations started to increase slowly (Fig. 4) . This change resulted in lower (P<0.05) values after calving, compared with those observed before calving in all the groups (Table 2) . Plasma concentrations of NEFA began to increase slightly from 30 d before calving and reached maximum levels on 7 d post-calving, were higher (P<0.05) in the control than in the Zn, Vit-E, and Zn+Vit-E supplemented groups of cows (Fig. 5) . After 7 d post-calving NEFA concentrations started to decrease in all the groups, but the decrease was lower in the control followed by the Zn, Vit-E, and Zn+Vit-E supplemented groups (Fig. 5). A. Aggarwal and G. Chandra: Hormonal, metabolic and productive performance of cows
The pre-calving plasma NEFA concentration was higher (P<0.05) than its post-calving concentration in all four groups of crossbred cows ( Table 2 ). The DMI during the precalving period was lower (P<0.05) than its values observed during post-calving in all four groups (Table 2) . Plasma glucose concentrations began to decrease steadily from 60 d pre-calving and reached the minimum on the day of calving (Fig. 4) . After calving, glucose concentrations started to increase slowly (Fig. 4) . This change resulted in lower (P<0.05) values after calving, compared with those observed before calving in all the groups (Table 2) . Plasma concentrations of NEFA began to increase slightly from 30 d before calving and reached maximum levels on 7 d post-calving, were higher (P<0.05) in the control than in the Zn, Vit-E, and Zn+Vit-E supplemented groups of cows (Fig. 5) . After 7 d post-calving NEFA concentrations started to decrease in all the groups, but the decrease was lower in the control followed by the Zn, Vit-E, and Zn+Vit-E supplemented groups (Fig. 5) . The pre-calving plasma NEFA concentration was higher (P<0.05) than its post-calving concentration in all four groups of crossbred cows ( Table 2 ). The DMI during the precalving period was lower (P<0.05) than its values observed during post-calving in all four groups (Table 2) . (vitamin E treated, ♦), T3 (zinc + vitamin E treated, ◊) groups Plasma Vit-E and Zn levels decreased towards calving and lowest (P<0.05) on 7 d post-partum in all the groups (Fig. 6 and 7) . The pattern of decreasing Vit-E plasma levels was lower (P<0.05) towards calving in Vit-E and Zn+Vit-E fed groups in comparison with the control and Zn fed groups, whereas the pattern of decreasing Zn plasma was lower (P<0.05) in the Zn and Zn+Vit-E fed groups. Pre-and post-calving plasma Vit-E levels were higher (P<0.05) in the Vit-E and ZN+Vit-E supplemented groups than in the control and Zn fed groups of cows (Table 2) . Pre-and post-calving plasma Zn levels were higher (P<0.05) in the Zn and Zn+Vit-E supplemented groups than in the control and Vit-E groups of cows (Table 2) . Milk yield was 15.87 ± 0.56, 16.98 ± 0.57, 17.08 ± 0.63, and 17.88 ± 0.49 kg/day in the control, T1, T2, and T3 groups, respectively. Milk yield was higher (P<0.05) in the Zn+Vit-E fed group in comparison to the other groups of cows.
Discussion
Body condition declined in early lactation and continued to decline up to 60 d postpartum. Similar findings were also noticed by BLOCK et al. (2001) in cows. In accordance with MAURYA (2011), body condition was maintained in the Vit-E and Zn supplemented groups of cows in comparison to cows of in the non-supplemented group. Vitamin E and Zn are antioxidants that reduce BCS loss around calving, by preventing the breakdown of body reserves that are released in the form of NEFA (BOYLE et al., 2006) .
Leptin levels were elevated in the Vit-E and Zn treated groups in comparison to its levels observed in the other groups. Similarly, MAURYA (2011) observed higher leptin concentrations in Vit-E and Zn supplemented crossbred cows. The findings of our study on leptin levels are consistent with the findings of BLOCK et al. (2001) , who reported that plasma concentrations of leptin decrease during the transition from pregnancy to lactation in dairy cows. There may be reduced synthesis of leptin from white adipose tissues (BLOCK et al., 2001; VILLALOBOS et al., 2007) . Supplementation of Vit-E and Zn improved plasma insulin concentrations in crossbred cows (MAURYA, 2011 ). BLOCK et al. (2001 also reported decreasing plasma insulin concentrations during peripartum The plasma insulin concentrations decreased during peripartum because elevated plasma GH levels attenuate the secretion of insulin from the beta cells of the pancreas (AHIMA and FLIER, 2000) . Plasma leptin was positively correlated with plasma insulin (MAURYA, 2011) . Insulin is an important regulator of energy homeostasis (MAFFEI et al., 1995) .
The decline of glucose concentrations during peripartum was consistent with the findings of MAURYA (2011) in crossbred cows, and CHANDRA et al. (2013) in Sahiwal cows. The lower concentration of plasma glucose during peripartum is due to the fourfold increase in demand for glucose in high yielding lactating dairy cows compared to non-lactating dairy cows (BELL and BAUMAN, 1997) . However, decreased DMI around calving may also be a reason for declining glucose during this period (BELL and BAUMAN, 1997) . Vitamin E and Zn supplementation improved the plasma concentration of glucose, which was also reported by CHANDRA et al. (2013) in Sahiwal cows. The body condition of cows declines around calving and substantial rises in NEFA the in blood reveals body tissue mobilization (BOYLE et al., 2006 ). In the current study, concentrations of NEFA peaked around calving in all groups, probably because of the low DMI during this period, associated with high energy demand and production of colostrum (SALFER et al., 1995) . The lower plasma concentration of NEFA in the Vit-E and Zn treated groups was similar to the findings of MAURYA (2011) in crossbred cows. Dry matter intake decreased near parturition due to the increase in calving stress (CASTILLO et al., 2005) . Raised DMI in the vitamin E and Zn supplemented groups during the study period was in accordance with CHANDRA et al. (2013) .
Declined plasma concentrations of vitamin E during the transition from late pregnancy to early lactation was similar to that found by GOFF and STABEL (1990) and MEGLIA et al. (2004) . During this period plasma Vit-E was 47% lower (GOFF and STABEL, 1990) . This might be due to its loss due to production of colostrum, reduced DMI, and the increased demand for antioxidants (GOFF and STABEL, 1990; MEGLIA et al., 2006) . The findings of the present experiment are consistent with GOFF and STABEL (1990) who reported Vit-E supplementation to dry cows raised plasma α-tocopherol concentration and helped to restore normal concentrations of plasma Vit-E level.
In line with other studies (GOFF and STABEL, 1990; MEGLIA et al., 2004) , the concentration of Zn declined towards calving. Lower plasma Zn concentration around caving might be due to colostrogenesis and increased calving stress (GOFF and STABEL, 1990) . Stress promotes the formation of metallothionein that is impart in Zn metabolism which results in the redistribution of Zn from the blood to other tissues (XIN et al., 1993) . Supplementation of Zn during the dry period and early lactation enhanced plasma concentrations of Zn, which was also found by CHANDRA et al. (2014) in Sahiwal cows.
Vitamin E and Zn supplementation, either alone or together, increased milk production, as was also reported by CHANDRA et al. (2013) in Sahiwal cows. The useful effect of supplementation of Vit-E on milk production has been also documented by CHAWLA and KAUR (2004) . In contrast to the present study, BOURNE et al. (2008) and WEISS and SPEARS (2006) observed no significant effect of Vit-E treatment on milk production. KELLOGG et al. (2004) demonstrated that Zn methionine increased lactation performance. The rise in milk production might be Zn associated, with cell division and protein synthesis in the udder and teat tissues (SOBHANIRAD et al., 2010) .
Conclusion
Leptin, insulin, glucose, Vit-E, and Zn concentrations were lower, whereas NEFA concentration was higher around calving. Leptin levels were positively correlated with glucose and insulin, and negatively correlated with NEFA. Leptin insulin, glucose, Vit-E, and Zn concentrations were higher, whereas NEFA concentrations were lower in the VitE+Zn supplemented group than all other groups of cows. _______
